In order to overcome the pollen sterility of interspecific hybrids, in vitro chromosome doubling was conducted. Low concentration (0.001-0.003%, 3 hrs) of oryzalin was more effective than high concentration (0.1%, 3 hrs) of colchicine to obtain tetraploidy. The identification of tetraploids was detected by flow cytometry. The pollen fertility of interspecific hybrid lily was recovered up to 40% in tetraploid level.
INTRODUCTION
Lily belongs to the genus Lilium of the family Liliaceae. It is cultivated worldwide as a cut flower, pot, and garden plant. As a cut flower, lily is now ranked as the third and fourth important crop in Korea and the Netherlands, respectively.
Since the early 1990s lily breeding in Korea has been carried out in the NHRI. We have been focusing on the production of new cultivars adaptable to the Korean climate and environment. The important difference between interspecific lily breeding in Korea and that in other countries is the use of L. formolongi instead of L. longiflorum as the female parent (Rhee, 2002) . The advantages of L. formolongi hybrids are seed propagation, shorter generation, upward flowering type, convenience of packing and transport of cut flower, and long stem.
As in most other plant taxa, Lilium (2n = 2x = 24) has wide interspecific hybrids in general, are sterile. This holds true especially for hybrids of species belonging to different sections. Sterility in these hybrids mainly results from irregular chromosome association between the parental genomes during meiosis (Asano, 1982 (Asano, , 1984 .
Polyploidization can solve F 1 sterility, which can be distinguished into mitotic and meiotic polyploidization. The former is obtained through artificial chromosome doubling by treatment of vegetative tissue with spindle inhibitors such as colchicine (Blakeslee and Avery, 1937; Emsweller and Brierley, 1940) or oryzalin (Van Tuyl et al., 1992) . Meiotic polyploidization can be induced with the use of 2n-gametes occurring spontaneously through abnormal meiosis (Mok and Peloquin, 1975; Vorsa and Bingham, 1979; Ramanna, 1979; Veilleux et al., 1982; Lim et al., 2000) . In both cases, the chromosome number of the gametes is diploid (2n) instead of haploid (n). Therefore, to improve and restore the fertility of these sterile interspecific lily hybrids, it is desirable to double their chromosome number by using physical or chemical treatments to obtain tetraploids or other polyploids (Lu and Bridgen, 1997) .
Pollen grains have two cell walls: an inner layer, intine, and an outer layer, exine (Dobson, 1989) . Intine is composed primarily of cellulose, while exine is rich in sporopollenin, a highly stable and mixed polymer containing long chain fatty acids and phenolics (Bedinger et al., 1994; Thom et al., 1998) . In addition, exine is typically covered with a lipid and protein-rich matrix known as tryphine or pollenkitt (Dobson, 1989) .
The aim of this research was to compare pollen morphology in interspecific hybrid lilies after in vitro chromosome doubling.
MATERIALS AND METHODS

In Vitro Chromosome Doubling
MS (Murashige and Skoog, 1962 ) medium, supplemented with 6% (w/v) sucrose and adjusted to pH 5.8 was used. Colchicine was prepared as an aqueous solution, which was made fresh for each experiment. Oryzalin (3,5-dinitro-N4, N4-dipropylsulfanil-amide) was prepared as a stock solution of 20 mg/mL in water-free DMSO. More than ten scales per treatment were soaked for 3 hours with 0.1-0.001% colchicine or oryzalin solution. After treatment, scales were washed three times in sterilized water (Van Tuyl et al., 1992) and then cultured on the medium described above.
Identification by Ploidy Analyzer
Ploidy level was detected with the ploidy analyzer, using leaf, root, and scale pieces. Nuclear samples were prepared from leaf and bulb scales of 0.5 cm 2 by chopping with a sharp razor blade (Galbraith et al., 1983) in 0.5 mL of commercial Partec HR-A solution in a plastic petri dish. After chopping, the suspension was filtered through a 30-µm nylon mesh directly into the sample tube. The sample was incubated for 1 to 15 minutes at room temperature and at least 2 mL-staining (Partec HR-B) solution was added. Sample tubes were connected to the Ploidy Analyser-II (Partec Co. Munster).
In Vitro Pollen Germination
The medium contained 100 g sucrose, 5 g agar and 20 mg boric acid per liter. Pollen grains were distributed on the surface of the medium in a petri dish. When pollen grains started to germinate, they were counted randomly with a light microscope.
Pollen Morphological Traits by SEM (Scanning Electron Microscope)
Pollen grains were fixed in 0.1 M cacodylate (pH 7.2) buffer (Elleman and Dickinson, 1986) with 1% Karnovsky's fixative for 24 hours at 4°C, washed three times with the 0.05 M cacodylate buffer for 20 minutes at 23°C, and post-fixed in 1% osmic acid for 2 hours at 4°C. For scanning electron microscopy (SEM), fixed samples were washed three times in distilled water and incubated in an ethanol series (50%, 75%, 90%, 95%, and 100%) for 30 minutes. This procedure was repeated for all samples. After incubation, samples were incubated again in 100% ethanol for 30 minutes and then washed twice with 100% amyl acetate. Total washing time for each sample was 30 minutes. After washing, samples were dried to a critical point in a CPD 020 vacuum apparatus (Blazer's), coated with gold (in Polaron SEM autocoating Unit E5200), and observed on a S2460N microscope (Hitachi, Japan) using 10 kV accelerating voltage (modified from Gregory et al., 1999) .
RESULTS AND DISCUSSIONS
In Vitro Chromosome Doubling
To recover the sterility of interspecific hybrids such as FA96-18, in vitro chromosome doubling was conducted with different concentrations of oryzalin and colchicine. Seven explants out of 43 FA96-18 explants, which were regenerated by 0.1% colchicine treatment, appeared to be polyploid. However, 2, 7 and 7 explants of 27, 53 and 51 explants regenerated by 0.003, 0.01 and 0.1% oryzalin treatment, respectively, appeared to be polyploid (Table 1) . In high concentration (0.1%), colchicine was more effective than oryzalin to obtain tetraploids. However, in low concentration (0.01-0.003%), oryzalin was more effective than colchicine. Oryzalin can be considered as an alternative for the very toxic colchicine in doubling the number of plant chromosome. In cell cultures of potato and tobacco (Verhoeven et al., 1990; Sree Ramulu et al., 1991) in maize callus (Wan et al., 1991) and in Nerine (Van Tuyl et al., 1992) , oryzalin also proved to be the most efficient chromosome doubling agent compared to APM (phosphoric amide herbicide) and colchicine.
Pollen Morphology
The pollen of L. formolongi 'Raizan', which is the mother plant of interspecific hybrids, has an oval shape and a net structure. The exine structure of these pollen grains consists of formal tactum (t), bacula (b) and lumina (l) (Fig. 1 A and A+) . However, most pollen grains of interspecific hybrids were malformed and sterile. They had shell-like shape and the exine structure was a scattered tactum (Fig. 1, B , B+, C, C+). The pollen shape of doubled FA96-18 was full oval and net structure. It has fertility. The exine structure of pollen in doubled F96-18 consisted of connected tactum (t), bacular (b), and lumina (l). This is in accordance with the results observed by MaRae (1987) . He mentioned that most sterile pollen grains were small with empty shell-like shape and fertile pollen grains were normal with full oval shape.
Pollen length of FA96-18 was 67.5 µm in haploid, and 107.3 µm in diploid. Pollen width of FA96-18 was 34.3 µm in haploid, and 78.0 µm in diploid (Table 2) .
Pollen Fertility
Pollen fertility of FA96-18, which has malformed structure, was 0%, while that of doubled FA96-18, which has full oval shape, was 42.3% in the in vitro germination test. In relation to these results, the pollen fertility of tetraploid interspecific hybrids appeared to be partially restored (Van Tuyl et al., 1988) .
In conclusion, oryzalin was applied successfully in doubling the number of chromosomes of interspecific hybrid lily at lower concentrations (0.01-0.003%) than colchicine. The pollen fertility of interspecific hybrids obtained by chromosome doubling was restored successfully in FA96-18. Most sterile pollen grains of interspecific hybrid lilies were malformed with empty shell-like shape and fertile pollen grains were normal full oval shape. 
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